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Abstract. This paper presents using of FlightGear application for flight simulation of a mini-UAV (Unmanned Aerial 
Vehicle). The first part of the paper is about general information of UAVs and about the fundamentals of airplane flight 
mechanics. The main section summarizes the information about FlightGear application and describes a way of using the 
application to simulate a mini-UAV. The process of altitude change by using autopilot has been simulated. In the created 
simulation, three stage cascade controller was used for an altitude control. Heading was controlled by 2 stage cascade 
PID (Proportional-Integral-Derivative) controller. An automatic throttle system was applied for a velocity control. The 
setting of all controllers is included in the description of the simulation. Finally, the results of FlightGear simulation are 
discussed. 
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INTRODUCTION 
Mini-UAVs are an inexpensive alternative to manned aircraft for a lot of applications including safety, aerial 
reconnaissance, surveying, environmental monitoring, and agriculture. The research community does not clearly 
define the term mini-UAV (or small-UAV). [1] [2] [3] [4] Instead of creation new definition about weight and 
proportions of the mini-UAV, we can simply say, a UAV is mini (or small) if the strength of an average man 
suffices for lifting and moving the UAV without any trouble. For the remainder of this paper, the term mini-UAV is 
implied. 
The flight-testing of an aircraft is a well-documented engineering procedure. However, every aircraft design, 
construction, implementation and test is unique and presents different challenges to engineers, pilots, and test team. 
The same can be said about UAVs, but the criteria for UAVs can be different from manned aircraft. [2] [5] 
UAVs promise greater precision, but the auto-pilot system which keeps the vehicle in the air and in control is 
critical to the success of UAV systems. In many cases, testing newly developed autopilot systems in a virtual 
environment is the only way to guarantee absolute safety. Additionally, the model allows better repeatability in 
testing. [1] [2] 
However, a software model developed from first principles has unknown accuracy and a major effort of any 
aerospace company is the creation of a high-fidelity six degree of freedom (6DOF) simulation for each of the 
vehicles which are developed. For the model which is supposed to be used for real simulation, it is necessary to 
include implementation, verification and validation into its development process. [1] [6] 
FUNDAMENTALS OF AIRPLANE FLIGHT MECHANICS 
The forces of lift, weight, drag, thrust, and side force act along the axes, forcing the aircraft to move in the axes 
direction. The three moments, yaw, roll, and pitch force the aircraft to turn around the axes. X-axis is the roll axis, 
pointing forwards along the symmetry axis. Y-axis is the pitch axis, pointing rightwards from aircraft. Z-axis is the 
yaw axis, pointing downwards. [1] [2] [3] [4] 
The equations of motion are composed of translational (force) equations and rotational (moment) equations and 
are called the 6DOF equations of motion. The aircraft can move in three dimensions in space and can rotate about 
three axes. The origin of the coordinate system of the UAV is located at its center of gravity. Figure 1 shows the 
forces and moments acting on an aircraft. [1] [2] [3] [4] [6] 
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FIGURE 1.  The forces and moments acting on an aircraft 
 
FLIGHTGEAR FLIGHT SIMULATOR 
FlightGear is an open-source flight simulator, written in the C++ programming language, to model and simulate 
an aircraft. Data visualization is another aspect considered while building the flight dynamics model. The common 
3D format used in FlightGear has “ac” extension. FlightGear can produce a 3D graphic animation in real time and is 
connected to Flight Dynamics Model (FDM). [1] [3] [9] 
FDM is the physics/math model which defines the movement of an aircraft under the forces and moments applied 
to it using the various control mechanisms and from the forces of nature. FDM includes development of a physical, 
inertial, and aerodynamic model representing the UAV. [1] [2] [3] 
It is possible to choose between two primary FDMs: JSBSim and YASim. Actually, there is a third FDM named 
UIUC and based on LaRCsim originally written by the NASA but UIUC is no longer supported by default FlightGear 
builds. It is possible to add new dynamics models or even interface to external flight dynamics models. [9] [10] 
JSBSim is open source software for a 6DOF nonlinear flight dynamics modelling. JSBSim is generally considered 
as a very accurate FDM and allows the modelling of any aircraft, missile, or rotorcraft, and models the rotational earth 
effects on the equation of motion. Particular aircraft flight control systems, propulsion, aerodynamics, landing gears, 
and autopilot are defined in eXtensible Markup Language (XML) format files. [1] [3] [7] [8] 
YASim is an integrated part of FlightGear and uses a different approach than JSBSim by simulating the effect of 
the airflow on the different parts of an aircraft. The advantage of this approach is that it is possible to perform the 
simulation based on geometry and mass information combined with more commonly available performance numbers 
for an aircraft. This allows for quickly constructing a plausibly behaving aircraft that matches published performance 
numbers without requiring all the traditional aerodynamic test data. [9] 
Except of FDM configuration files (e.g. aircraft, engine and thruster configuration files), other files are required 
for use with FlightGear flight simulator which include the electric system file, autopilot file, and 3D graphical model 
specification file. The final file required is a file to tie the previous files together in order to perform complete 
simulation using FlightGear. [3] 
The electrical system file specifies the battery characteristics, and the lights and other parameters. [3] 
To fly the modelled UAV autonomously, a tuning process have to be made for the built-in generic PID 
(proportional, integral, and derivative) autopilot of FlightGear which has the ability to hold aircraft velocity, vertical 
aircraft speed, altitude, pitch angle, angle of attack, bank angle, and true heading. [3] 
FlightGear implements a PID algorithm in a flexible way which makes it reusable with similar aircraft. Any 
number of PID controllers can be defined in the autopilot configuration file. Cascading controllers can be 
implemented by specifying multiple PID controllers in which the output of the current stage is used as the input to the 
next stage. [3] 
A flight path which contains a number of waypoints chosen over a selected area can be constructed. In order to 
use the chosen waypoints with FlightGear navigation system, a unique ID can be assigned to each waypoint, and the 
FlightGear database can be altered to include the new waypoints with their IDs. [3] 
The fixed waypoints are determined by latitude and longitude. When a waypoint is entered in the aircraft route 
during the simulation time, FlightGear checks the database to see if it is a valid fixed point or not. This data is stored 
in the compressed file called fix.dat which can be found in the directory FG_ROOT\ FlightGear\data\Navaids. [3] 
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FlightGear Autopilot Simulation 
Rascal 110 UAV [11] was used for the simulation. An autopilot for altitude control was done by using three 
stage cascade controller. The first controller was PI and the others were PID. A heading control was carried out by 
using 2 stage cascade PID controller. An automatic system for a velocity control was created by using one PID 
controller. The velocity change was compensated by throttle. 
The parameter setting of all controllers is shown in Table 1. The Parameters: ? = 0.1, ? = 1, ? = 0 were set to all 
PID controllers. The meaning of the parameters can be seen in Table 2. 
 
TABLE 1.  The parameter setting of the controllers 
Altitude Control Heading Control Velocity Control 
Parameter Value Parameter Value Parameter Value 
Kp1 0.3 Kpid1 -0.1 Kpid1 0.1 
Ki1 0 Ti1 10 Ti1 1 
Kpid2 0.5 Td1 10-5 Td1 10-3 
Ti2 1 Kpid2 0.05   
Td2 10-5 Ti2 0.5   
Kpid3 -0.05 Td2 0.01   
Ti3 0.5     
Td3 10-3     
 
TABLE 2.  The meaning of the parameters 
Parameter Meaning 
Kp Gain of the proportional component 
Ki Gain of the integral component 
Kpid The overall gain for the proportional, integral and derivative part 
Ti Integral time 
Td Derivative time 
?? Scaling factor for Td 
?? Reference weighing factor for the proportional component 
?? Reference weighing factor for the derivate component 
 
In FlightGear application, lifting of the UAV from altitude of 152.4 meters (500 feet) to altitude of 304.8 meters 
(1000 feet) was simulated. The airspeed was set to 124.2 km/h at the beginning of the simulation, in other words, it 
was set to almost top speed of the UAV. The velocity control tried to hold the top speed. Heading control was 
adjusted to keep the heading at 0. Altitude control was set to change the altitude to 304.8 meters and hold it. 
Figure 2 and Figure 3 show the process of velocity and of altitude change. The UAV begins to climb 
immediately after sending the command. The UAV goes up by 152.4 meters during the 61.5 seconds. Then, the 
UAV is completely stabilized after a while. During the lifting, the velocity decreases to 113.26 km/h. The UAV 
achieves almost top speed (123.1 km/h) after 17.67 seconds. 
 
 
 
FIGURE 2.  The process of velocity change of the UAV 
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FIGURE 3.  The process of altitude change of the UAV 
 
CONCLUSION 
This paper has presented using of FlightGear for flight simulation of a mini-UAV. The combination of JSBSim 
Flight Dynamic Model and FlightGear Flight Simulator provide an excellent base for building the simulation 
environment. 
Essential configuration files have to be constructed to model the UAV in JSBSim and simulate it with FlightGear. 
These files include main UAV configuration, engine configuration, propeller configuration, electric system 
configuration, 3D model configuration, and an autonomous flight autopilot configuration file. All these files are tied 
together in the top level configuration file. 
The main section of this work has shown the option how to simulate flight and how to test an autopilot system. 
The autopilot system of the simulated UAV was made by using PI and PID controllers. The setting of the PI and PID 
controllers has been described. The process of altitude change by using the autopilot has been simulated. 
It has been found that the accurate stabilization of UAV can be done simply by using PI and PID controllers. It 
has been proved that when UAV soars, its velocity decreases fast at first and then slower. 
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